This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
C07H 



A2 



(11) International Publication Number: WO 99/58541 

(43) International Publication Date: 18 November 1999 (18.1 1.99) 



(21) International Application Number: PCT/EP99/03134 

(22) International Filing Date: 6 May 1999 (06.05.99) 



(30) Priority Data: 
98099393 
9812743.4 



8 May 1998 (08.05.98) GB 
12 June 1998 (12.06.98) GB 



(71) Applicant (for all designated States except US): BIOCHEMIE 
S.A. [ES/ESJ; Apaitado de Correos, 97, E-08400 Granollers 
(ES). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BOSCH, Immaculada 
[ES/ES]; Raval CortJnes, 21, E-08500 Vic (ES). CENTEL- 
LAS, Victor [ES/ES); Plaza Joan Asina, 8, 4~2-a, E-08440 
Cardedeu (ES). DIAGO, Jo&6 [ES/ES]; Calle Josep Camer, 
43, 5-a, E-08400 Granollers (ES). 

(74) Agent: BECKER, Konrad; Novartis AG, Corporate Intellectual 
Property, Patent & Trademark Dept, CH-4002 Basel (CH). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB. 
GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG. MK, 
MN, MW, MX, NO, NZ, PL, FT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM. KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: IMPROVEMENTS IN MACROLIDE PRODUCTION 
(57) Abstract 

A process for the production of azithromycins by methylation of the nitrogen atom in position 9 of the ring structure in 
9-<leoxo-9a-aza-9a-homoerythromycins in the presence of formaldehyde and in the presence of a reducing agent in non-halogenated 
solvent; and azithromycin which is free from halogenated organic solvent in a stable anhydrous form; or in the form of a solvate with 
non-halogenated solvent with the exception of water. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX 



AL 


Albania 


ES 


Spain 


LS 


AM 


Armenia 


FI 


Finland 


LT 


AT 


Austria 


FR 


France 


LU 


AU 


Australia 


GA 


Gabon 


LV 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


BB 


Barbados 


GH 


Ghana 


MG 


BE 


Belgium 


GN 


Guinea 


MK 


BF 


Burkina Faso 


GR 


Greece 




BG 


Bulgaria 


HU 


Hungary 


ML 


BJ 


Benin 


IE 


belaud 


MN 


BR 


Brazfl 


IL 


Israel 


MR 


BY 


Belarus 


IS 


Iceland 


MW 


CA 


Canada 


IT 


Italy 


MX 


CF 


Centra] African Republic 


JP 


Japan 


NE 


CG 


Congo 


KE 


Kenya 


NL 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


a 


Cote d'lvoirc 


KP 


Democratic People's 


NZ 


CM 


Cameroon 




Republic of Korea 


PL 


CN 


China 


KR 


Republic of Korea 


PT 


cu 


Cuba 


KZ 


Kazakhstan 


RO 


cz 


Czech Republic 


LC 


Saint Lucia 


RU 


DE 


Germany 


U 


Liechtenstein 


SD 


DK 


Denmark 


LK 


Sri Lanka 


SB 


EE 


Estonia 


LR 


Liberia 


SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 



SI 


Slovenia 




SK 


Slovakia 




SN 


Senegal 




sz 


Swaziland 




TD 


Chad 




TG 


Togo 




TJ 


Tajikistan 




TM 


Turkmenists 


D 


TR 


Turkey 




TT 


Trinidad ark 


(Tobago 


UA 


Ukraine 




UG 


Uganda 




us 


United State 


s of America 


UZ 


Uzbekistan 




VN 


Viet Nam 




YU 


Yugoslavia 




ZW 


Zimbabwe 





Singapore 



WO 99/58541 PCT/EP99/03134 
Improvements in macrolide production 



This present invention relates to azithromycins, e.g. a compound of formula 




Azithromycin (9-deoxo-9a-aza-9a-methyl-9a-homoerithromycin A) is a well-known 
antibacterial agent described e.g. in The Merck Index, 12th Edition (1996), page 157 
(946). 

10 

An azithromycin or azithromycins as used herein includes azithromycin of formula I 
and a compound of formula I, wherein 

- one or more free hydroxyl groups are substituted, e.g. by protecting groups; e.g. 
conventional hydroxy protecting groups; and/or 

15 . - a methoxy group is replaced by a free hydroxyl group or by a hydroxyl group 
which is substituted excluding methoxy, e.g. by protecting groups, e.g. 
conventional hydroxy protecting groups; and/or 

- a dimethyiamino group is replaced by a substituted amino group excluding 
dimethylamino, e.g. by a protected amino group, e.g. a conventional protected 

20 amino group. 

/ 
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Azithromycins, e.g. azithromycin of formula I, may e.g. be produced by methylation 
e.g. by a method as conventional, of 9-deoxo-9a-aza-9a-homoerythromycins, e.g. 9- 
deoxo-9a-aza-9a-homoerythromycin, e.g. a compound of formula 



5 




II 



e.g. via an Eschweiler-Clarke reaction, e.g. in the presence of formaldehyde and in the 
presence of a reducing agent, e.g. formaldehyde/formic acid, in halogenated solvent, 
such as CHCI3. 

A 9-deoxo-9a-aza-9a-homoerythromycin or 9-deoxo-9a-aza-9a-homoeiythromycins as 
10 used herein include a compound of formula II and a compound of formula II, wherein 

- one or more free hydroxyl groups are substituted, e.g. by protecting groups; e.g. 
conventional hydroxy protecting groups; and/or 

- a methoxy group is replaced by a free hydroxyl group or by a hydroxyl group 
which is substituted excluding methoxy, e.g. by protecting groups, e.g. 

15 conventional hydroxy protecting groups; and/or 

- a dimethylamino group is replaced by a substituted amino group excluding 
dimethylamino, e.g. by a protected amino group, e.g. conventional protected amino 
group. / 

9-deoxo-9a-aza-9a-homoerythromycins are known and obtainable e.g. by a method as 
20 conventional. 

It was now surprisingly found, that an Eschweiler-Clarke reaction in the production of 
azithromycins starting from 9-deoxo-9a-aza-9a-homoerythromycins including 
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methylation and isolation of azithromycins, e.g. a compound of formula I, may be 
carried out avoiding halogenated solvent. 



In one aspect the present invention provides a process for the production of 
5 azithromycins, e.g. azithromycin, e.g. of formula I, by methylation of the nitrogen 
atom in position 9 of the ring structure in 9-deoxo-9a-aza-9a-homoerythromycins, e.g. 
a compound of formula II, in the presence of formaldehyde and in the presence of a 
reducing agent, e.g. formic acid or hydrogen, comprising that methylation, e.g. and 
isolation of azithromycins, is carried out in non-halbgenated solvent, e.g. selected from 
10 water, alcohols, ketones, alkyl esters and ethers. 

A process according to the present invention may be carried out as follows: 
The nitrogen atom in position 9 of the ring structure in 9-deoxo-9a-aza-9a- 
homoerythromycins may be methylated in the presence of formaldehyde and in the 

15 presence of a reducing agent in non-halogenated solvent. 

A hydroxyl protecting group in 9-deoxo-9a-aza-9a-homoerythromycins includes e.g. 
conventional hydroxyl protecting groups, including e.g. protecting groups for the diol 
function present in positions 1 1 and 12 of a compound of formula II , such as 
protecting groups which form a cyclic group together with two hydroxy groups, e.g. a 

20 hydrogenorthoborate group. 

Non-halogenated solvent includes e.g. water and an organic solvent, the chemical 
formula of which does not contain halogen atoms. In contrast to that, halogenated 
solvent includes organic solvent, the chemical formula of which contains at least one 
halogen atom. 

25 Non-halogenated solvent as used herein includes solvent which is miscible with water 
and solvent which is able to form a two phase system with water, including, e.g. a 
solvent of a low dielectric constant, e.g. appropriate ketones, such as dialkyl ketones, 
e.g. for example di(Ci.j)alkylketones, e.g. methyl-(Ct.j)alkyl ketones, e.g. acetone and 
methylisobutyl ketone; di-(C2-5) alkyl ketones, such as diethylketone and 

30 diisopropylketone; esters, such as alkanoic acid esters, e.g. (Ci^)alkanoic acid, e.g. 

acetic acid alkyl, e.g. (Clb) alkyl, such as (Ci-*)alkyl, eg. (CM)alkyl esters, for example 
n-butyl acetate, isopropyl acetate and ethyl acetate; ethers such as cyclic ethers, e.g. 
tetrahydrofuran and non-cyclic, e.g. dialkyl ethers, such as di(Ci.g)alkyl, e.g. 
di(CM)alkyl ethers, such as methyl(Ci_ 4 )alkyl ethers, e.g. t-butyl methyl ether; and 

35 aromatic hydrocarbons, such as xylene or toluene; and solvents of higher dielectric 
constant, e.g. alcohols, such as alkyl alcohols, e.g.(Ci.5)alkyl alcohols, for example 

3 
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methanol, cthanol and isopropanol; and amides, e.g. derived from a carboxylic acid, 
such as an alkanoic acid, , e.g. (Ci-3)alkanoic acid, and including monoalkyl- and 
dialkylamides; e.g. mono(Ci^)alkyl and di(Ci. 4 )alkylamides, such as N- 
methylformamide, dimethylacetamide and dimethylformaniide. 
5 Preferred non-halogenated solvents includes solvents, with low toxicity, e.g. 
pharmaceutical^ acceptable solvents, for example water; and alcohols such as 
ethanol, isopropanol and butanols; ketones such as acetone, methyl ethyl ketone and 
methyl isobutyl ketone; alkyl esters such as formic acid and acetic acid esters, e.g. ethyl 
acetate, isopropyl acetate and butyl acetate and ethers such as tert-butyl methyl ether 
10 and tetrahydrofuran, more preferably alcohols, esters, e.g. acetates, ketones and water. 
Non-halogenated solvent includes a solvent system, e.g. mixtures of individual 
solvents, e.g. as described above. 

A solution of 9-deoxo-9a-aza-9a-homoerythromycins in a non-halogenated organic 
solvent as used as starting material according to the present invention may contain, 

15 e.g. a small amount of, water, e.g. to facilitate dissolution of 9-deoxo-9a-aza-9a- 
homoerythromycins, e.g. in case that 9-deoxo-9a-aza-9a-homoerythromycins in the 
form of a salt are used as a starting material. 
If not otherwise defined herein alkyl includes (Ci. 12 )alkyl, such as 
(Q^)alky, for example (Ci. 4 )alkyl. Lower alkyl includes e.g.(Q. 4 )alkyl. 

20 Formaldehyde according to the present invention as used herein includes 

formaldehyde, e.g. in the form of a gas, formaldehyde in aqueous and in non- 
halogenated solvent, e.g. as described above, solution and a formaldehyde precursor. 
A formaldehyde precursor includes a compound which may set free formaldehyde in 
an reaction medium, such as paraformaldehyde or s-trioxane. If a non-halogenated 

25 solvent is water, formaldehyde in a molar excess (in respect with a 9-deoxo-9a-aza-9a- 
homoerythromycins A used as a starting material) in form of an aqueous solution may 
be used, e.g. without use of further water. 

A reducing agent according to the present invention as used herein includes 
1 conventional reducing agents useful in a reductive alkylation process, such as formic 
30 acid, zinc/HQ, sodium cyanoborohydride, sodium triacetoxyborohydride, sodium 

borohydride, BH 3 -pyridinc, formic acid and hydrogen, e.g. in the presence of a, e.g. 

conventional, hydrogenation catalyst. A preferred reducing agent includes e.g. formic 

acid and hydrogen in the presence of a hydrogenation catalyst. 

The amounts of formaldehyde and of the reducing agent present in the methylation 
35 reaction according to the present invention are not critical; e.g. a stoechiometric 

amount or more relating to a 9-deoxo-9a- aza-9a-homoerythromycin A starting 
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compound may conveniently be present. An appropriate amount includes e.g. 1 to 30, 
such as 1 to 5, e.g. 1 to 3 equivalents of formaldehyde and of a reducing agent. 
Appropriate reaction conditions for the methylation reaction according to the present 
invention include e.g. 
5 - a temperature range of ca -10°C up to the reflux temperature of the solvent or 
solvent system present, such as from 30°C to 80°C, e.g. more than 50°C; 

- an appropriate pressure, e.g. atmospheric pressure, and a pressure which is above or 
below atmospheric pressure; and 

- appropriate dilution, e.g. a dilution range between 1 g and 1000 g of a 9-deoxo- 
10 9a- aza-9a-homoerythromycin A starting compound per liter of non-halogenated 

solvent. 

A compound of formula I or a compound of formula I wherein 

- one or more free hydroxyl groups are substituted, e.g. by protecting groups; e.g. 
conventional hydroxy protecting groups; and/or 

15 - a methoxy group is replaced by a free hydroxyl group or by a hydroxyl group 
which is substituted excluding methoxy, e.g. by protecting groups, e.g. 
conventional hydroxy protecting groups; and/or 

- a dimethylamino group is replaced by a substituted amino group excluding 
dimethylamino, e.g. by a protected amino group, e.g. conventional protected amino 

20 group, 

may be formed and may be isolated from the reaction mixture, e.g. as conventional, 
e.g. by removal of solvent from the reaction mixture, e.g. by concentration such as 
evaporation, e.g. to dryness or almost dryness, e.g. until crystallisation or precipitation 
of an azithromycin, e.g. of formula I, occurs; or by extraction, e.g as a salt, e.g. into an 

25 aqueous solution of acidic pH; and precipitation, e.g. as a salt from an aqueous 
medium; or extraction at basic pH into another non-halogenated solvent, e.g. as 
defined above, which may be the same or different from that used in methylation; and 
precipitation or crystallizitaion of an azithromycin, e.g. of formula I. 
If a compound of formula I, wherein 

30 - one or more free hydroxyl groups are substituted, e.g. by protecting groups; e.g. 
conventional hydroxy protecting groups; and/or 

- a methoxy group is replaced by a free hydroxyl group or by a hydroxyl group 
which is substituted excluding methoxy, e.g. by protecting groups, e.g. 
conventional hydroxy protecting groups; and/or 
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- a dimethylamino group is replaced by a substituted amino group excluding 
dimethylamino, e.g. by a protected amino group, e.g. conventional protected amino 
group, 

is formed, this compound may be converted into a compound of formula I, e.g. using 
5 e.g. a method as conventional, e.g. 

- de- and/or reprotecting one or more hydroxyl groups; and/or 

- producing a methoxy group e.g. by methylation of an hydroxy group; and/or 

- producing a dimethylamino group e.g. by de- and or realkylation 
to obtain a compound of formula I. 

10 

In another aspect the present invention provides a process for the production of 
azithromycin, e.g. of formula I, by methylation of the nitrogen atom in position 9 of 
the ring structure in 9-deoxo-9a-aza-9a-homoerythromycins, e.g. a compound of 
formula n, in the presence of formaldehyde and in the presence of a reducing agent, 
15 e.g. formic acid or hydrogen, and, e.g. if necessary, converting a 9-deoxo-9a-aza-9a- 
methyl-9a-homoerithromycin A into a compound of formula I, comprising that 
methylation, e.g. and isolation of a compound of formula I, is carried out in non- 
halogenated solvent, e.g. selected from water, alcohols, ketones, alkyl esters and 
ethers. 

20 

In a process according to the present invention high yields may be obtained, for 
example, methylation may result in a yield higher than 90% or even more, e.g. higher 
than 95 %; and reaction times may be short, e.g. shorter than 4 hours, such as 2 
hours. A process according to prior art, e.g. in halogenated solvent, may e.g. result in 
25 lower yields and e.g. higher reaction times. 

, 9-deoxo-9a-aza-9a-methyl-9a-homoerythromycin A, e.g. of formula I obtained 
according to the present invention is useful, e.g. for the production of a 
pharmaceutical composition; and, if necessary may be converted into a suitable form 

30 for pharmaceutical administration, e.g. into the form of a, e.g. pharmaceutical!/ 
acceptable salt, and/or e.g.into the form of a solvate, e.g. a hydrate such as a 
monohydrate or a dihydrate. A dihydrate of a compound of formula I may be e.g. 
obtained by a method as conventional, such as by crystallisation of a compound of 
formula I, e.g. in acetone/water or by crystallisation in a mixture of aqueous 

35 tetrahydrofuran and hexane. Azithromycin in the form of a monohydrate may be 

obtained, e.g. as conventional, e.g. by crystallization of azithromycin in ethanolAvater. 

6 
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A compound of formula I may be obtained in the form of a solvate with non- 
halogenated solvent. 

5 In a further aspect, the present invention provides a process for the production of 
azithromycin, e.g. of formula I, in the form of a solvate, by methylation of the 
nitrogen atom in position 9 of the ring structure in 9-deoxo-9a-aza-9a- 
homoerythromycins in the presence of formaldehyde and in the presence of a reducing 
agent, e.g. formaldehyde or hydrogen, and, if necessary, converting a 9-deoxo-9a-aza- 

10 9a-methyl-9a-homoerithromycin A obtained into a compound of formula I, and, * 
converting a compound of formla I into e.g. a salt and/or, a solvate thereof, 
comprising that methylation, e.g. and isolation of azithromycin, is carried out in non- 
halogenated solvent e.g. selected from water, alcohols, ketones, alkyl esters and ethers. 

15 In another aspect the present invention provides a process for the production of a 
pharmaceutical composition comprising azithromycin in e.g. pharmaceutical^ 
acceptable salt form or, free form, e.g. in the form of a solvate, in association with at 
least one pharmaceutical carrier or diluent wherein azithromycin is obtained by a 
process according to the present invention. 

20 

The process according to the present invention may e.g. have advantages as follow: 

- Azithromycin, e.g. of formula I, e.g. in the form of a solvate, may be obtained 
without the use of halogenated solvents 

- Azithromycin, e.g. of formula I, e.g. in the form of a solvate may be obtained in 
25 high yields and short reaction times. 

In another aspect surprisingly a process for the production of azithromycin in non- 
halogentated organic solvent with the exception of water as a solvent was found 
which provides anhydrous azithromycin in a stable, e.g. non-hygroscopic, form and 

30 practically free from halogenated organic solvent. 

The term " free from halogenated organic solvent" used herein, includes e.g. traces of 
halogenated solvents in azithromycin according to the present invention, such as 
amounts of 60 ppm and below, e.g. 2 to 60 ppm, or even less. 
A stable, e.g. non-hygroscopic, anhydrous form of azithromycin includes a compound 

35 of formula I which is practically free from halogenated solvent and having and 

maintaining a water content of (about) 0.1% to 2.0%, such as 0.2% to 0.9% under 
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normal environment air humidity conditions, e.g. for at least 24 hours, e.g. for several 
weeks. 

In another aspect the present invention provides azithromycin, e.g. of formula I, which 
is free from halogenated organic solvent in a stable, e.g. non-hygroscopic, anhydrous 
form, e.g. having, e.g. and maintaining, a water content of 0.2% to 0.9%, e.g. under 
normal environment air humidity conditions, e.g. for, e.g. at least, 24 hours. 



Azithromycin in a stable anhydrous form, which is free from halogenated organic 
10 solvent according to the present invention may be produced e.g. by producing a 

solution of azithromycin in a non-halogenated organic solvent with the exception of 
water as a solvent, e.g. drying said solution, and isolating and drying a composition 
containing azithromycin and non-halogenated organic solvent; e.g. directly by an 
Eschweiler-Clark reaction starting from 9-deoxo-9a-aza-9a-homoerythromycin, e.g. as 

15 described above. 

For the production of a solution of azithromycin in a non-halogenated organic solvent 
with the exception of water as a solvent as used as starting material according to the 
present invention azithromycin in any form may be used, e.g. in free base form and in 
the form of a salt; e.g. in non-solvate form, e.g. anhydrous form, and/or in the form of 

20 a solvate. A salt includes e.g. preferably a hydrochloride, dihydrochloride, acetate, 
sulphate. A solvate includes a hydrate, such as a monohydrate and a dihydrate. If a 
salt of azithromycin is used as a starting material, a base, including e.g. inorganic 
bases such as sodium and potassium hydroxide, may be used, e.g. may be added to the 
solution, to provide azithromycin in free base form, e.g. by adjustment of the pH of 

25 the solution to an pH where azithromycins present in free base form, including e.g. a 
pH range of 7 to 11. The concentration of azithromycin in a solution of a non- 
halogenated organic solvent is not critical. E.g. for ecological reasons preferably a 
saturated or almost saturated solution may be used. The temperature for the 
production of a solution of azithromycin in a non-halogenated organic solvent with 

30 the exception of water as a solvent includes a temperature at which azithromycin is 
not degraded including e.g. a temperature range of e.g. ca. 0°C to ca. 30°C, such as 0 
to30°C. 

Preferred non-halogenated solvents with the exception of water as a solvent include 
pharmaceutical^ acceptable solvents, for example alcohols such as ethanol, 
35 isopropanol or butanol; ketones such as acetone, methyl ethyl ketone or methyl 
isobutyl ketone; alkyl esters such as formate or acetate esters, e.g. ethyl acetate, 
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isopropyl acetate or butyl acetate and ethers such as tert-butyl methyl ether or 
tetrahydrofuran. 

A solution of azithromycin in a non-halogenated organic solvent with the exception of 
water as a solvent may be dried e.g. as conventional, e.g. by addition of a drying 
5 agent, such as anhydrous sodium or magnesium sulphate or a molecular sieve. 
For the isolation of azithromycin in anhydrous form according to the present 
invention the organic solvent of a solution of azithromycin in a non-halogenated 
organic solvent with the exception of water as a solvent may be removed, e.g. by 
distillation, such as vacuum distillation. Solvent may be removed partially, e.g. until 

10 azithromycin in anhydrous form crystallizes or precipitates or (almost) totally, e.g. to 
dryness. A composition containing azithromycin in anhydrous form and non- 
halogenated solvent, e.g. 10% and less, such as ca. 1% to 10%, e.g. 1% to 7%; may 
be obtained. In some cases, e.g. if the solution of azithromycin in non-halogenated 
solvents contains acetates, alcohols or ethers, azithromycin in the form of a solvate, 

15 e.g. crystalline, with non-halogenated solvent may be obtained. 

In another aspect the present invention provides 

a composition containing azithromycin of formula I and, in an amount of 10% and 
less, a non-halogenated organic solvent with the exception of water and ethanol as a 
20 solvent; and, in a further aspect, 

azithromycin of formula I in the form of a solvate with non-halogenated organic 
solvent with the exception of water as a solvent. 

A composition containing azithromycin in anhydrous form and non-halogenated 
25 solvent with the exception of water as a solvent, e.g. in the form of a solvate with non- 
halogenated solvent, may be dried to obtain azithromycin in anhydrous, e.g. in non- 
hygroscopic, form and free from halogenated solvents. Appropriate drying 
temperatures includes a temperature of ca. 40°C and more, such as 40°C to 65°C, e.g. 
55°C to 65°C. An appropriate drying time may be used, including for example more 
30 than 6 hours, e.g. overnight or more, e.g. 10 to 20 hours, such as 12 to 16 hours. 
Anhydrous azithromycin obtained according to the present invention may be non- 
hygroscopic, e.g. it may maintain a water content below the stoechiometric amount of 
the monohydrate of 2.3 %, for example below 2 %, e.g. below 1%, e.g. between 0.2 
to 0.9%, such as 0.4 to 0.8% even after several hours, e.g. 24 hours, or several weeks, 
35 under normal, e.g. normal air humidity, environmental conditions. 
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Azithromycin which is free from halogenated organic solvent in a stable anhydrous 
form according to the present invention may be obtained in high purity of 95% and 
more, e.g. 95% to ca. 98%. 

5 In another aspect the present invention provides a process for the production of 
azithromycin which is free from halogenated organic solvent in a stable anhydrous 
form, comprising producing a solution of azithromycin in a non-halogenated solvent 
with the exception of water as a solvent, e.g. and drying a solution of azithromycin in 
a non-halogenated solvent, and isolating and drying a composition containing 
10 azithromycin and non-halogenated solvent with the exception of water as a solvent. 

Azithromycin which is free from halogenated organic solvent in a stable anhydrous 
form, e.g. and azithromycin in the form of a solvate with non-halogenated solvent 
with the exception of water as a solvent, according to the present invention is useful 

15 for the production of a pharmaceutical composition containing azithromycin. A 

pharmaceutical composition containing azithromycin which is free from halogenated 
organic solvent in a stable anhydrous form, e.g. and azithromycin in the form of a 
solvate with non-halogenated solvent with the exception of water as a solvent, may 
contain the same concentrations of azithromycin and may be used for the same 

20 indications in the same dosages as a known pharmaceutical composition containing 
azithromycin in the form of a monohydrate or dihydrate, e.g. as is presently on the 
market. 

In another aspect the present invention provides a pharmaceutical composition, 
25 comprising a therapeutically effective amount of azithromycin which is free from 
halogenated organic solvent in a stable anhydrous form in association with at least 
one pharmaceutical carrier or diluent; and 

a pharmaceutical composition, comprising a therapeutically effective amount of 
azithromycin in the form of a solvate with non-halogenated solvent with the exception 
30 of water as a solvent in association with at least one pharmaceutical carrier or diluent. 

The following examples illustrate the invention. All temperatures are in degree 
Centigrade and are uncorrected. The content of azithromycin in stable anhydrous 
azithromycin obtainable according to the examples is calculated by HPLC on 
35 anhydrous basis. Azithromycin used as starting material is obtained by know methods 
or by a method according to the present invention. 
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Examples 1 to 9 

General Reaction Procedure 

0.55 g of 9-deoxo-9a-aza-9a-homoeiythromycin A dissolved in 6 ml of a solvent as 
specified in TABLE 1 below under "Solvent" are treated at room temperature.with 

5 0.063 ml of formic acid (98-100 %) and 0.135 ml of 37-38 % w/ w aqueous 

formaldehyde. In example 9 instead of 6 ml of "Solvent" and instead of 0.135 ml of 
37-38 % w/ w aqueous formaldehyde, 3.9 ml of 37-38 % w/ w aqueous 
formaldehyde are used. The reaction mixture is heated at a temperature as specified in 
TABLE 1 below under "Temperature (in °CeIsius)". Within the time as specified in 

10 TABLE 1 below under "Time (in hours)"a conversion of 9-deoxo-9a-aza-9a- 

homoerythromycin A into azithromycin as specified in TABLE 1 under "Conversion 
(in % of starting material)" is determined by HPLC. 



TABLE 1 



Example 


Solvent 


Temperature 


Time 


Conversion 


1 


iso-propanol 


65-70 


4 


95 


2 


2-butanol 


70 


2 


not determined 


3 


iso-propyl acetate 


70 


2 


not determined 


4 


n-butyl acetate 


70 


2 


not determined 


5 


ethyl acetate 


70 


2 


not determined 


6 


acetone 


65-70 


2 


94 


7 


iso-butyl ketone 


65-70 


2 


73 


8 


toluene 


65-70 


2 


62 


9 


water 


70 


4.5 


63 



15 

Example 10 

General Isolation Pro cedure ( solvent soluble in water) 

A reaction mixture obtained as described in Example 1 is cooled to room temperature 
and the solvent is removed by evaporation. 



20 0.52 g (92% of theory) of azithromycin are obtained. 

Such an isolation procedure may be convenient in case that water soluble solvent is 
used. 

Examples 2a to 5a 

25 General Isola tion Procedure /solvent may form a two phase sys tem with water) 
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A reaction mixture as obtained in one of the Examples above as specified in TABLE 2 
below under "Reaction Example" is cooled to room temperature and treated with 40 
ml of solvent as specified in TABLE 2 below under "Solvent", 40 ml of water and 
20% sulfuric acid to obtain a pH of the mixture of ca. 4. The mixture obtained is 

5 stirred for ca. 15 minutes and the phases are separated. The aqueous phase obtained is 
extracted with 25 ml of solvent as specified in TABLE 2 below under "Solvent". The 
aqueous phase is treated with 20% sodium hydroxide to obtain a pH 9 and the 
mixture obtained is stirred for ca. 15 minutes and extracted with 25 ml of solvent as 
specified in TABLE 2 below under "Solvent". The organic phase is dried over 

10 anhydrous sodium sulphate and the sodium sulphate is filtrated off. The organic 
solvent is evaporated off. 

Azithromycin in a yield as specified in TABLE 2 below under "Yield (in gram)" in % 
of theory as specified in TABLE 2 below under " % of theory" is obtained. 



15 TABLE 2 



Example 


Reaction 
Example 


Solvent 


Yield 


% of theory 


2a 


2 


2-butanol 


0.51 


90 


3a 


3 


iso-propyl acetate 


0.46 


82 


4a 


4 


n-butyl acetate 


0.50 


89 


5a 


5 


ethyl acetate 


0.54 


96 



Example 11-18 

General procedure for obaininp azithromycin in stable, anhydrous form 
Azithromycin is dissolved in a solvent as specified in TABLE 3 below. Anhydrous 

20 sodium sulphate is added to 100 ml of a solution of azithromycin in a solvent as 
specified in TABLE 3 below under "solvent" containing azithromycin in a 
concentration as specified in TABLE 3 below under "cone (mg/ml)". The solid is 
filtrated off. The solvent of the filtrate is distilled off, e.g. by evaporation, to dryness. 
Anhydrous azithromycin in an amount (in gram) as specified in TABLE 3 below under 

25 "Yield wet (g)" (containing solvent as specified in TABLE 3 below under "solvent") 
with a content of azithromycin (in %) calculated on anhydrous basis as specified in 
TABLE 3 below under "Content wet" is obtained and dried at ca. 60°C for ca. 14 
hours. Azithromycin in anhydrous form is obtained containing an amount of 
azithromycin (in %) calculated on anhydrous basis as specified in TABLE 3 under 
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"Content dry" below and having a water content (in %) as specified in TABLE 3 
below under "Content water". 



TABLE 3 



Example 


Solvent 


Cone 
(mg/ml) 


Yield wet 
(g) 


Content 
wet 


Content 
dry 


Content 
water 


11 


ethyl 
acetate 


30 


3.15 


90.5% 


97.8 


0.53 


12 


isopropyl 
acetate 


30 


3.33 


89.9% 


97.8% 


0.53 


13 


n-butyl 
acetate 


30 


3.28 


89.5% 


97.8% 


0.53 


14 


acetone 


30 


3.18 


95.5% 


96.6 


0.75 


15 


methyl- 
isobutyl 
ketone 


30 


3.22 


89% 


96.6 


0.75 


16 


iso- 
propanol 


30 


3.32 


92% 


97.7 


0.55 


17 


ethanol 


30 


3.0 




96.1 


0.56 


18 


methanol 


30 


3.61 




97.4 


0.61 



The water content is maintained under normal environment air humidity conditions, 
for at leas 24 hours, e.g. for several weeks. 
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Claims 

1. A process for the production of azithromycins by methylation of the nitrogen atom 
in position 9 of the ring structure in 9-deoxo-9a-aza-9a-homoerythromycins in the 

5 presence of formaldehyde and in the presence of a reducing agent, comprising that 
methylation is carried out in non-halogenated solvent. 

2. A process according to claim 1 in the production of azithromycin of formula 




comprising converting a 9-deoxo-9a-aza-9a-methyl-9a-homoerithromycin A into a 
compound of formula I. 

15 3, A process according to any one of claims 1 or 2 wherein a 9-deoxo-9a-aza-9a- 
homoerythromycin is a compound of formula 
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H 




n 



4. A process according to any one of claims 1 to 3, wherein non-halogenated solvent 
is selected from water, alcohols, ketones, alkyl esters and ethers. 

5 

5. Azithromycin of formula I according to claim 2 which is free from halogenated 
organic solvent in a stable anhydrous form. 

6. Azithromycin according to claim 5 having a water content of 0.1% to 2.0%. 

10 

7. Azithromycin according to any one of claims S or 6 maintaining a water content of 
0.1% to 2.0% under normal environment air humidity conditions for at least 24 
hours. 

15 8. A process for the production of azithromycin of formula I according to claim 2 
which is free from halogenated organic solvent in a stable anhydrous form, 
comprising producing a solution of azithromycin in a non-halogenated organic 
solvent with the exception of water as a solvent, and isolating and drying a 
composition containing azithromycin and non-halogenated organic solvent with the 

20 exception of water as a solvent. 

9. Azithromycin of formula I according to claim 2 in the form of a solvate with non- 
halogenated organic solvent with the exception of water as a solvent. 
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10. A pharmaceutical composition, comprising azithromycin in the form of a solvate 
with non-halogenated solvent with the exception of water as a solvent, or 
azithromycin which is free from halogenated organic solvent in a stable 
5 anhydrous form, in association with at least one pharmaceutical carrier or 

diluent. 
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